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ABSTRACT: 

PURPOSE: To join a semiconductor element to a pedestral with a sufficient 
adhesion and a stable electric connection. 

CONSTITUTION: An Ni layer 10 and an Au-Sn solder layer 1 1 are formed on an 
N-type electrode 9 as the ohmic electrode of a semiconductor laser element. 
The solder layer 1 1 is fused and bonded to a heat sink 21 plated with gold 21a. 
The thickness of the Ni layer 10 is 500&angst; or greater. At the time of 
fusion of the solder layer 1 1, Ni in the Ni layer 10 diffuses in the solder 
layer 1 1 , and Sn in the solder layer 1 1 diffuses in the Ni layer 10. As the 
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result of mutual diffusion, the adhesion and the wettability can be improved. 
The composition ratio of the Ni layer 10 is set higher than or equal to 1.3wt.% 
and lower than 10wt.% to the Au-Sn solder layer 11. Thereby bonding is enabled 
at a low melting point and high bonding strength can be obtained. 
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(57)Abstract: 

PURPOSE: To join a semiconductor element to a pedestral with a 
sufficient adhesion and a stable electric connection. 
CONSTITUTION: An Ni layer 10 and an Au-Sn solder layer 1 1 are 
formed on an N-type electrode 9 as the ohmic electrode of a semiconductor 
laser element. The solder layer 1 1 is fused and bonded to a heat sink 21 
plated with gold 21a. The thickness of the Ni layer 10 is 500&angst; or 
greater. At the time of fusion of the solder layer 1 1, Ni in the Ni layer 10 
diffuses in the solder layer 11, and Sn in the solder layer 1 1 diffuses in the 
Ni layer 10. As the result of mutual diffusion, the adhesion and the 
wettability can be improved. The composition ratio of the Ni layer 10 is set 
higher than or equal to 1 .3wt% and lower than 10wt.% to the Au-Sn 
solder layer 1 1 . Thereby bonding is enabled at a low melting point and 
high bonding strength can be obtained. 
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1. This document has been translated by computer.So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The cementing material of the electric element characterized by being the cementing material which joins the 
electrode of electric element to a pedestal, being the Au-Sn-nickel alloy which made Au the subject, and the composition 
ratio of nickel being less than [ more than 1.3wt%10wt% ]. 

[Claim 2] The cementing material of the electric element according to claim 1 characterized by the composition ratio of 
Above nickel being more than 2.5wt%. 

[Claim 3] The cementing material of the electric element according to claim 1 characterized by the composition ratio of 
Above nickel being less than [ more than 2wt%5wr% ]. 

[Claim 4] The aforementioned Au-Sn-nickel alloy is the cementing material of the claim 1 characterized by heating the 
laminated structure of the Au-Sn alloy which made Au the subject, and nickel, and being formed, or the electric element of 
any one publication of three. 

[Claim 5] The cementing material of the electric element according to claim 4 to which thickness of Above nickel is 
characterized by_being_500A or more. 

[Claim 6] The aforementioned Au-Sn alloy is the cementing material of the electric element according to claim 4 or 5 
characterized by being physical gaseous-phase membrane formation. 

[Claim 7] The claim 5 to which thickness of the aforementioned Au-Sn alloy is characterized by being 0.3-3 micrometers, or 
the cementing material of the electric element of any one publication of six. 

[Claim 8] The aforementioned pedestal is the junction method of the claim 1 characterized by being constituted using the 
material of Au, nickel, Fe, or Cu in the field where the aforementioned electric element is joined, or the electric element any 
one publication of seven. 

[Claim 9] The claim 1 characterized by the aforementioned electric element being a semiconductor laser element, or the 
junction method of the electric element any one publication of eight. 

[Claim 10] The junction method of the electric element characterized by forming nickel layer in the aforementioned 
electrode, forming the solder layer containing Sn directly on this nickel layer in the method of joining the electrode of 
electric element to a pedestal, carrying out heating fusion of this solder layer, and joining the aforementioned electric element 
to the aforementioned pedestal. 

[Claim 1 1] The junction method of the electric element which forms nickel layer and the solder layer containing Sn in the 
aforementioned electrode in the method of joining the electrode of electric element to a pedestal, respectively, carries out 
heating fusion of the aforementioned solder layer, is made to carry out counter diffusion of the above nickel and Sn, and is 
characterized by joining the aforementioned electric element to the aforementioned pedestal. 
[Claim 12] The junction method of the electric element according to claim 10 or 1 1 characterized by forming the 
aforementioned nickel layer in thickness 500A or more. 

[Claim 13] The claim 10 characterized by forming the aforementioned solder layer by the physical vapor growth which 
makes an alloy the source of vacuum evaporationo, or the junction method of the electric element any one publication of 12. 
[Claim 14] The claim 10 characterized by forming the aforementioned solder layer by 0.3-3-micrometer thickness, or the 
junction method of the electric element any one publication of 13. 

[Claim 15] the Au-Sn-nickel alloy which made Au the subject for the aforementioned solder layer - forming - heating 
melting of the aforementioned solder layer - nickel ~ 1 .3wt(s)% to 10wt(s)% - the junction method of the claim 10 
characterized by forming the contained Au-Sn-nickel alloy, or the electric element any one publication of 14 
[Claim 16] The aforementioned pedestal is the junction method of the claim 10 characterized by being constituted using the 
material of Au, nickel, Fe, or Cu in the field where the aforementioned electric element is joined, or the electric element any 
one publication of 15. 

[Claim 17] The claim 10 characterized by the aforementioned electric element being a semiconductor laser element, or the 
junction method of the electric element any one publication of 16. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Detailed Description of the Invention] 

;oooi] 

Industrial Application] this invention relates to the cementing material and the junction method of electric element which 
solder electric element, such as a semiconductor laser element, to a pedestal. 
[0002] 

[Description of the Prior Art] When semiconductor devices, such as a semiconductor laser element, were conventionally 
soldered to pedestals, such as a gold-plated heat sink, and a stem, the circuit board, the forming pellet of eutectic solders, 
such as Au-Sn and Pb-Sn, was used. In the case of a forming pellet, from the reasons of the production method and handling, 
it is 100 micrometers of several 100 micrometerx numbers, and several 10 micrometers or more are required as thickness. 
[0003] For this reason, a solder layer serves as an amount more than required, a position gap arises or the marginal part 
which upheaved around the semiconductor device is formed. In the case of a semiconductor laser element, the problem that 
this eminent solder layer becomes the obstacle of a laser beam occurs. There is a thing shown in JP,59-178736,A to solve this 
problem. -In this thing, the thin film of-the barrier electrode which prevents golden diffusion, and the solder material 
containing gold is prepared on the golden electrode of a semiconductor laser element without a forming pellet, and mounting 
with thin film solder is performed. Moreover, the same technology also as JP,6-69608,A is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] However, even if it makes a solder layer into a thin film, since there are few 
amounts of solder, when the wettability of a solder layer and a component side is bad, it does not connect partially and there 
is a problem that sufficient connection resilience and low connection resistance are not obtained, this invention is what took 
the example by the above-mentioned problem, and it aims at joining a semiconductor device to a plinth so that sufficient 
bond strength and the stable electrical installation may be obtained. 
[0005] 

[Means for Solving the Problem] Sn and nickel were congenial and this invention person etc. noted forming an intermetallic 
compound. As a drain electrode of a GaAs substrate, what carried out the laminating of nickel and the Au to the alloy of Au 
and germanium conventionally (this kind of notation is hereafter shown like Au-germanium/nickel/Au) is used. At this thing, 
if nickel thickness is thickened, it is supposed that contact resistance goes up and nickel thickness is used by about 200A. In 
this case, nickel is used as a barrier electrode which prevents diffusion of Au. Therefore, the vacuum evaporationo of the 
solder containing Sn was carried out using this thing, and it tried to solder it to plinths, such as a heat sink. 
[0006] However, Au on nickel was spread in the solder layer, and the problem of reducing adhesion intensity and wettability 
occurred. Then, when this invention person etc. lost and soldered Au layer, wettability of solder is good and he came to be 
able to do by stabilizing powerful soldering of a bond strength. This is because the counter diffusion that nickel was spread 
in a solder layer and Sn in a solder layer was spread in nickel arose and adhesion intensity and wettability improved. 
[0007] Moreover, although the cementing material which makes virtual junction temperature low and mitigates the heat 
damage to a semiconductor laser element needed to be selected injunction of a semiconductor laser element, when many 
things were examined also about this point and Au-Sn solder was used as a solder layer so that it may mention later, nickel 
was able to be spread in the Au-Sn layer, was able to make the Au-Sn-nickel alloy, and was able to make virtual junction 
temperature low. 

[0008] this invention is made based on the above-mentioned examination, and the feature is a thing as indicated to the claim. 
Specifically, it is characterized by the following points. In invention according to claim 1, it is the cementing material (12) 
which joins the electrode (9) of electric element (1-9) to a pedestal (21), and it is the Au-Sn-nickel alloy which made Au the 
subject, and is characterized by the composition ratio of nickel being less than [ more than 1.3wt%10wt% ]. 
[0009] In invention according to claim 2, it is characterized by the composition ratio of Above nickel being more than 
2.5wt% in the cementing material of electric element according to claim 1 . In invention according to claim 3, it is 
characterized by the composition ratio of Above nickel being less than [ more than 2wt%5wt% ] in the cementing material of 
electric element according to claim 1. In invention according to claim 4, the aforementioned Au-Sn-nickel alloy is 
characterized by heating the laminated structure of the Au-Sn alloy (11) which made Au the subject, and nickel (10), and 
being formed in the cementing material of a claim 1 or the electric element of any one publication of three. 
[0010] In invention according to claim 5, thickness of Above nickel is characterized by being 500A or more in the cementing 
material of electric element according to claim 4. In invention according to claim 6, the aforementioned Au-Sn alloy is 
characterized by being physical gaseous-phase membrane formation in the cementing material of electric element according 
to claim 4 or 5. In invention according to claim 7, thickness of the aforementioned Au-Sn alloy is characterized by being 
0.3-3 micrometers in the cementing material of a claim 5 or the electric element of any one publication of six. 
[001 1] In invention according to claim 8, the aforementioned pedestal is characterized by being constituted using the 
material of Au, nickel, Fe, or Cu in the field where the aforementioned electric element is joined in the junction method of a 
claim 1 or the electric element any one publication of seven. According to invention according to claim 9, in the junction 
method of a claim 1 or the electric element any one publication of eight, it is characterized by the aforementioned electric 
element being a semiconductor laser element. 
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[0012] In invention according to claim 10, it is characterized by forming nickel layer (10) in the aforementioned electrode, 
forming the solder layer (11) containing Sn directly on this nickel layer, carrying out heating fusion of this solder layer, and 
joining the aforementioned electric element to the aforementioned pedestal in the method of joining the electrode (9) of 
electric element (1-9) to a pedestal (21). 

[0013] In invention according to claim 1 1, in the method of joining the electrode (9) of electric element (1-9) to a pedestal 
(21), nickel layer (10) and the solder layer (11) containing Sn are formed in the aforementioned electrode, respectively, 
heating fusion of the aforementioned solder layer is carried out, counter diffusion of the above nickel and Sn is carried out, 
and it is characterized by joining the aforementioned electric element to the aforementioned pedestal. 
[0014] In invention according to claim 12, it is characterized by forming the aforementioned nickel layer in thickness 500 A 
or more in the junction method of electric element according to claim 10 or 1 1 . In invention according to claim 13, it is 
characterized by forming the aforementioned solder layer by the physical vapor growth which makes an alloy the source of 
vacuum evaporationo in the junction method of a claim 10 or the electric element any one publication of 12. 
[0015] In invention according to claim 14, it is characterized by forming the aforementioned solder layer by 
0.3-3-micrometer thickness in the junction method of a claim 10 or the electric element any one publication of 13. the 
Au-Sn-nickel alloy which made Au the subject for the aforementioned soldej layer in invention according to claim 1 5 in the 
junction method of a claim 10 or the electric element any one publication of 14 - forming - heating melting of the 
aforementioned solder layer - nickel - 1.3wt(s)% to 10wt(s)% - it is characterized by forming the contained Au-Sn-nickel 
alloy 

[0016] In invention according to claim 16, the aforementioned pedestal is characterized by being constituted using the 
material of Au, nickel, Fe, or Cu in the field where the aforementioned electric element is joined in the junction method of a 
claim 10 or the electric element any one publication of 15. In invention according to claim 17, it is characterized by the 
aforementioned electric element being a semiconductor laser element in the junction method of a claim 10 or the electric 
element any one publication of 16. 

[0017] In addition, the sign in the above-mentioned parenthesis shows a correspondence relation with the concrete 
composition given in an example mentioned later. 

[0018T 1 
[Function and Effect of the Invention] According to invention according to claim 1 to 9, with the Au-Sn-nickel alloy which 
made Au the subject for the cementing material, since the composition ratio of nickel is made into less than [ more than 
1.3wt%10wt% ], strong high junction can be performed by the low melting point, and, moreover, the increase in contact 
resistance can be suppressed. 

[0019] Especially, according to invention according to claim 2, since the composition ratio of nickel is made more than 
2.5wt%, the stable high bonding strength can be obtained. Moreover, according to invention according to claim 3, since the 
composition ratio of nickel is made into less than [ more than 2wt%5wt% ], the melting point can be made still lower. 
Moreover, according to invention according to claim 5, since thickness of nickel is made into 500A or more, a bond strength 
can be made high. 

[0020] Moreover, since the solder layer is considered as physical gaseous-phase membrane formation, while according to 
invention according to claim 6 there is almost no change of the melting point to dispersion in thickness and being able to 
obtain the stable intensity, the stable electrical installation can be obtained and the flash of the solder more than required can 
be abolished further. Moreover, according to invention according to claim 7, since thickness of an Au-Sn alloy is set to 0.3-3 
micrometers, a bond strength can be raised. . 

[0021] The solder layer which contains nickel layer and Sn in the electrode of electric element is formed, this solder layer is 
fused further, and it is made to join to a pedestal in invention of the junction method according to claim 10 to 17. Here, the 
counter diffusion that nickel in nickel layer is spread in a solder layer, and Sn in a solder layer is spread in nickel layer at the 
time of melting of a solder layer arises. Adhesion intensity and wettability can be raised according to this counter diffusion. 
[0022] 

[Example] Hereafter, the example which applied this invention to semiconductor laser is explained. A semiconductor laser 
element grows epitaxially on GaAs or an InP substrate, and prepares each active region during a crystal. Generally an n type 
substrate is used for a substrate. As a material system, a GaAs-AlGaAs system, an InGaAsP-InP system, an InGaP-InGaAlP 
system, etc. can be used. As the epitaxial growth method, solution layer epitaxial, a molecular beam epitaxy (MBEimolecular 
beamepitaxy), organic-metal gaseous-phase epitaxy (MOCVD:metal organic chemicalvapaor deposition), etc. can be used. 
As a barrier layer, it can consider as terrorism structure, quantum well structure, etc. to double. 

[0023] The perspective diagram of a semiconductor laser element is shown in drawing 1 . On the n-GaAs substrate 1, the 
laminating of the n-GaAs buffer layer 2, the n-AlGaAs clad layer 3, the barrier layer 4 that consists of AlGaAs/GaAs 
multiplex quantum well structure, the p-AlGaAs clad layer 5, and the p-GaAs layer 6 is carried out to order, and the barrier 
layer 4 - the p-GaAs layer 6 are formed in the shape of a mesa. Moreover, an insulator layer 7 has a window part on the 
upper surface of the n-AlGaAs clad layer 3 and the mesa section, and is formed in it, and p type electrode (up electrode) 8 is 
formed on this insulator layer 7. 

[0024] This p type electrode 8 forms membranes in predetermined thickness by electron beam evaporation, the spatter, etc., 
and is formed. As a p type electrode 8, although Au-Zn/Au, Cr/Au, Mo/Au, Ti/Pt/Au, etc. can be used, as long as it can take 
an ohmic contact, other materials are sufficient, n type electrode (lower electrode) 9 which consists of Au-germanium is 
formed in the rear face of the n-GaAs substrate 1, and the cementing material which consists of a nickel layer 10 and a solder 
layer 1 1 is formed in the front face of n type electrode 9. 

[0025] The semiconductor laser element constituted as mentioned above is joined to a heat sink, other semiconductor 
substrates, the circuit board, etc. This mounting method is explained. Two or more semiconductor laser elements shown in 
drawing 1 are put on the heat sink 2 1 shown, in drawing 2 , and let them be laminating types. A sign 22 shows this. In this 
case, the cementing material of an upper semiconductor laser element is located on p type electrode of a lower semiconductor 
laser element. 

[0026] The heat sink 21 consists of Cu, Fe, etc., and, as for the front face, the metal with high ******, such as nickel and Au, 
is formed of plating or vacuum evaporationo, the spatter, etc. Alignment of two or more semiconductor laser elements is 
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carried out, respectively, and it accumulates on a heat sink 2 1 . At this time, since that as which this serves as the 
pressurization section at the time of heater heating tends to take out position precision using a vacuum pincette, conveyance 
of a chip is desirable. 

[0027] As the semiconductor laser element accumulated on the heat sink 21 does not shift, it pressurizes, and it heats so that 
the solder layer 1 1 of each semiconductor laser element may be melted and it may be made to paste up. After becoming the 
temperature into which solder melts, it is left in the state several minutes from several seconds, and it cools after that, as for 
the heating method, a position gap does not produce a heat sink and the whole semiconductor laser chip — as — fixing the 
whole — constant temperature — although there is the method of heating at a heater etc. from the rear face of the method of 
heating in a layer etc., or a heat sink, the ease of the equipment work method to the latter is more desirable 
[0028] In order to take semiconductor laser and electric contact to the degree of the above-mentioned die bond, bonding of 
an up electrode and the drive circuit wiring is carried out with the wires 23, such as Au and Pt. Then, can enclosure is 
performed if needed and it considers as the finished product of semiconductor laser. Formation of the above-mentioned n 
type electrode 9, the nickel layer 10, and the solder layer 1 1 and junction to a heat sink 21 are explained. The composition of 
this portion is shown in drawing 3 . 

[0029] In order that n type electrode 9 formed in the rear face of the n-GaAs substrate 1 may form an ohmic electrode, 
Au-Zn/Au, Cr/Au, Ti/Pt/Au, Au-germanium/nickel/Au, Au-Sn/Au, etc. and these alloy cascade screens are used as an 
electrode material. This is formed in the rear face of the n-GaAs substrate 1 by predetermined thickness by the electron beam 
evaporation which is a vacuum deposition method, resistance heating vacuum evaporationo, the spatter, etc. 
[0030] Next, the nickel layer 10 is formed on n type electrode 9 by the same method. Then, the alloy which contains Sn, such 
as Au-Sn and Pb-Sn, as a solder layer 1 1 is formed on the nickel layer 10. About the formation method of a solder layer, it 
mentions later. Thus, the solder layer 1 1 containing 10/of produced 9/nickel layers Sn of electrodes is put on the heat sink 21 
which gave metal plating 21a, such as nickel and Au, pressurization and heating are performed, and a semiconductor laser 
element is mounted on a heat sink 21 by fusing the solder layer 1 1 and cooling. 

[0031] Although there are Au-Sn, Au-Si, In, In-Pb, Pb-Sn, Au-Pb, Au-germanium, etc. in solder material, the strong junction 
of a bond strength with sufficient wettability is obtained by soldering by carrying out the lami natin g of the sol der a nd nickel 
containing Sri, sucBas Au-Sn and Pr>Sri. It is effective when Au-Sn is especially used for solder material. The duty of the 
nickel layer 10 has solder material, the role of the barrier electrode from which it is made for an electrode not to start counter 
diffusion, and the duty that is spread in a solder layer and improves the wettability of solder. With a GaAs semiconductor, 
using Au for the best layer of an electrode in many cases, Au is diffused at low temperature in the solder layer which is 
activity and will connect and to carry out, and the stability of contact becomes bad. For this reason, the barrier electrode is 
required, and when especially an electrode is the alloy of Au and Au, it is effective. 

[0032] At least 200A of thickness of nickel as a barrier electrode is required. Less than [ this ], it becomes an island-like film 
and the duty of a barrier metal is not achieved, nickel thickness dependency of the intensity of the glue line at the time of 
having formed 1000A of Au-germanium electrodes to the 0.5mmx0.5mm n-GaAs substrate, carrying out the laminating of 
the nickel/Au-Sn (Au and Sn being the thing of eutectic composition) on it, mounting in drawing 4 , and carrying out a 
vibration test to it is shown. This vibration test is JIS. It carried out on C7022A-10, Conditions D, the vibration frequency 
range of 10-2000Hz, acceleration 20G, direction 3 direction, and the conditions for time 48 minutes. In addition, the 
thickness of the Au-Sn solder layer 1 1 presupposed that it is fixed 1 .5 micrometers. 

[0033] The bond strength is large as the thickness of the nickel layer 10 becomes thick, and there is no difference in intensity 
at 1000A or more of thickness. In 1000A or more of thickness, since a substrate breaks during an examination, it is thought 
that intensity is more than this. Moreover, peeling arises [ thickness ] in 200A and sufficient bond strength is not obtained. If 
there are 500 or more gves of bond strengths, there is intensity of enough and it is necessary to bear various reliability trials, 
to accumulate and to make nickel thickness into 500A or more. 

[0034] Next, how to form the solder layer 1 1 is explained. It tried to carry out the laminating of the component of alloys, 
such as Au-Sn, and to create it on the occasion of formation of the solder layer 1 1. In this case, the design of a composition 
ratio can be performed freely and management of vacuum evaporationo material is also easy for it. However, when the 
thickness of each class differs in this, it becomes a composition gap immediately. Usually, as for the composition ratio of 
solder, it is common to use eutectic composition, and the melting point becomes high when a composition gap is caused. 
Thus, if the melting point changes, you have to change the conditions of mounting into whenever [ the ]. If it carries out on 
the same conditions, even if solder material will not melt or it will melt, the stable adhesion intensity is no longer obtained 
after mounting, without fully melting. 

[0035] Then, it examined forming alloys, such as Au-Sn, Pb-Sn, In, In-Pb, Au-Si, and Au-Pb, by the vapor growth as a 
solder layer 1 1 . That is, the solder layer 1 1 is formed by the physical vapor growth which made the above-mentioned alloy 
the source of vacuum evaporationo. Here, a physical vapor growth calls it Physical Vapor Deposition (PVD), does not use a 
chemical reaction, but is the method of forming a thin film using a physical change, and has vacuum evaporationo, a spatter, 
ion plating, etc. If a physical vapor growth is put in another way, the material itself formed on a substrate will reach a 
substrate in the state of a steam or a cluster, and a thin film and a bird clapper will be said. On the other hand, as a method 
using the chemical reaction, there is the ChemicalVapor Deposition (CVD) method, this carries out the decomposition 
reaction of the raw material using energy, such as heat, plasma, and light, into a gaseous phase, it becomes a thin film using a 
chemical reaction, and, as for PVD, the principles of membrane formation differ. 

[0036] Thus, by forming the solder layer 11, even if metaphor thickness varies, there is always almost no change of the 
melting point, and the above problems were able to be solved. As the membrane formation method by the vapor growth, 
electron beam evaporation, resistance heating vacuum evaporationo, a spatter, etc. can be used. Since some raw materials and 
composition ratios shift according to the difference of the vapor pressure of an alloy in electron beam evaporation and 
resistance heating vacuum evaporationo among these, it is desirable to use a spatter as the membrane formation method. In 
addition, since a composition ratio is decided by vapor pressure even if there will be no change of a raw material and a 
composition ratio and it will not carry out the vacuum evaporationo of all the raw materials, if most raw materials have been 
flown altogether when electron beam evaporation and resistance heating vacuum evaporationo are used, membranous 
composition ratios do not differ for every batch. 
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[0037] Although there was a problem that the upheaval object by superfluous solder might sometimes hide to a luminous 
layer, and served as hindrance of an optical output in the conventional thing which used the forming pellet as a solder layer 
As mentioned above, by making the solder layer 1 1 into the thin film by gaseous layer growth, the flash of the solder more 
than required was lost and the strong junction of the adhesion intensity obtained and stabilized of the solder layer of the good 
composition ratio of repeatability was attained. 

[0038] Next, the thickness of the above-mentioned solder layer 1 1 is explained. Although the flash of the solder more than 
required was lost by making a solder layer into the thin film by gaseous layer growth, when carrying out the laminating of 
two or more semiconductor laser elements as mentioned above and solder layer thickness is thick, there is a problem of 
covering a luminous layer by the flash of solder. Moreover, when soldering the electrode of the side near a luminous layer, in 
[ the case like the example 2 of creation mentioned later ], the same problem occurs. On the contrary, when a solder layer is 
thin, there is a problem that adhesion intensity is weak. 

[0039] The solder layer thickness when mounting a 0.5mmx0.5mm semiconductor laser element in the gold-plated copper 
heat sink at drawing 5 and the relation of adhesion intensity are shown. Adhesion intensity is so strong that the thickness of a 
solder layer becomes thick, and does not have a strong difference at 1 micrometers or more. By 1 micrometers or more, since 
a substrate breaks, thickness is considered that there is intensity more than this. If there are 500 or more gves of bond 
strengths, it turns out that there is intensity of enough and various reliability trials can be borne. Therefore, there should just 
be 3000A or more of thickness of a solder layer. 

[0040] Solder layer thickness has the surface roughness and relation of an adhesion side, and used Ra=1000A for this 
measurement this time. Generally, the thickness of a solder layer was understood that it needs to be thicker than surface 
roughness and about 3 times [ of surface roughness ] thickness is more nearly required than this result. The surface roughness 
Ra=500-2500A thing of the adhesion side of the stem used for mounting is used. Since, as for the surface roughness of a 
stem, the 1000A thing is usually used, solder layer thickness is at least 3000A or more need, and its 5000A or more is 
desirably good. 

[0041] Although the thickness of a solder layer has so strong that it becomes thick adhesion intensity, if it becomes thick, as 
for a solder layer, ****** will pose a problem. When more than one are mounted especially, the flash of a solder layer will 
cover a luminous layer. Furthermore, if thickness becomes thick, membrane formation time will also become long, and 
problems, like the amount of vacuum evaporationo material also increases arise. By Atsushi whose solder layer is 1 
micrometer, although there is almost nothing, the flash of a solder layer will be protruded in addition to the rear face of a 
chip, if it becomes the thickness beyond it. When solder layer thickness was made larger than 3 micrometers, solder was 
attached to the luminescence side side, and in 4 micrometers or more, time generated the luminous layer with the wrap. 
Therefore, the thickness of a solder layer has good 3 micrometers or less. 

[0042] Therefore, strong junction of adhesion intensity is attained by setting thickness of the solder layer 1 1 to 0.3-3 
micrometers. Moreover, the optical output by which adhesion intensity was stabilized strongly is obtained, without the solder 
of the laminating section covering a luminous layer, when carrying out the laminating of two or more semiconductor laser. 
The example of creation of the semiconductor device using the above-mentioned solder layer 1 1 is shown. 
(Example 1 of creation) The GaAs/AlGaAs system semiconductor laser element was produced on the n-GaAs substrate, and 
it soldered on the copper heat sink which gold-plated the n type electrode side. At this time, the three-piece laminating of the 
semiconductor laser element was carried out. 1000 A of Au88wt%-Gewtl2% was formed as an n type electrode, and 1000 A 
and 1 micrometer of Au-Sn solder were prepared for nickel on it. At this time, Au-germanium/nickel formed membranes 
using E.B. vacuum evaporationo, and the solder layer formed membranes by the spatter. Size of a semiconductor laser 
element was set to 500x600x1 10 micrometers. This element was placed in piles on [ three ] the copper heat sink which 
gold-plated, and it mounted by the heating temperature of 340 degrees C, and 60g of pressurization loads. The mounted 
element does not have the flash of a solder layer, either and solder did not cover a luminous layer. In this element, when 
three directions were performed for the variable frequency of 10-2000Hz, 20 G/sec2, and 48 minutes, it was changeless in 
any way examination before. When the bond strength of this element was measured with the SHIEA circuit tester, the 
intensity of 1 or more kgves was obtained. 

(Example 2 of creation) The InGaP-InGaAlP system semiconductor laser element was produced on the n-GaAs substrate, 
and it soldered on the copper heat sink which gold-plated the p type electrode side. TilOOOA, Pt2000A, and Au3000A were 
formed as a p type electrode, respectively, and 800A and 0.8 micrometers of Au-Sn solder were prepared for nickel on it. 
E.B. vacuum evaporationo was used for membrane formation at this time. Size of a semiconductor laser element was set to 
600x700x1 10 micrometers. Although p type electrode was soldered, the good optical output was obtained without a solder 
layer covering a barrier layer. Furthermore, adhesion intensity also acquired the value of 1 or more kgves, and the stable 
contact was obtained. 

(Example 3 of creation) The GaAs field-effect transistor element was produced on the half-insulation GaAs substrate, and it 
soldered to the printed circuit board which gold-plated. 2 micrometers of Au-Sn solder were prepared in the substrate rear 
face. At this time, membranes were formed by the spatter. Element size is 500x600x180 micrometers. This element was 
mounted by the heating temperature of 360 degrees C, and lOOg of pressurization loads. When the bond strength of this 
element was measured with the SHIEA circuit tester, the intensity of 1 or more kgves was obtained. 
[0043] Next, the cementing material using solder is explained. Although it is effective to enlarge the set points, such as 
virtual junction temperature, a pressurization pressure at the time of junction, and pressurization time, in order to raise 
wettability or a bonding strength when joining a semiconductor laser element which was mentioned above to a heat sink, As 
in GaAs used as a material of a semiconductor laser element increases the heat damage to which sublimation temperature 
gives a high virtual junction temperature to an element for a low reason. Moreover, the mechanical damage which also gives 
a high pressurization pressure and long pressurization time to a luminous layer is increased. 

[0044] Therefore, injunction of a semiconductor laser element, it is necessary to select the cementing material which makes 
virtual junction temperature low and mitigates the heat damage to a semiconductor laser element, this invention person etc. 
found out that the low melting point was acquired rather than an Au80wt%-Sn20wt% pellet, when it considered as the 
laminated structure of nickel/(Au80wt%-Sn20wt%), using Au-Sn system solder as a solder layer 1 1, as a result of examining 
many things for the above-mentioned point, nickel diffuses this in an Au-Sn layer, and depends it on making a Au-Sn-nickel 
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alloy. 

[0045] Based on this, nickel thickness was changed, nickel concentration which carries out thermal diffusion to 
Au80wt%-Sn20wt% Naka was changed, and the state diagram was created. The result is shown in drawing 6 . In this 
drawing, L and S show the liquid phase and solid phase, respectively, and alpha and beta show the solid solution of 
Au-Sn-nickel, respectively. Therefore, it expresses that (L+alpha) and (L+beta) are the mixed state of the liquid phase and 
solid phase, respectively. The thickness of nickel when setting Au80wt%-Sn20wt% thickness to 1.5 micrometers in 
nickel/(Au80wt%-Sn20wt%) layer structure is shown in an upper horizontal axis. 

[0046] From this state diagram, a (Au80wt%-Sn20wt%)-nickel alloy becomes lower than the melting point of an 
Au80wt%-Sn20wt% pellet, when the amount of nickel increases, and when the composition ratio (weight ratio of nickel to 
the total weight of a cementing material) of nickel is made into 1.3wt(s)%, about 10 degrees C of melting points become low. 
Furthermore, the amount of nickel is increased, when it considers as about 3wt%, the melting point becomes low most, and 
compared with an Au80wt%-Sn20wt% pellet, it falls by 25 degrees C or more. Therefore, virtual junction temperature can be 
reduced by 25 degrees C or more to having joined by the melting point of a conventional Au80wt%-Sn20wt% pellet, and the 
heat damage to an element can be reduced. 

[0047] in addition ~ what [ not only ] nickel diffused the above-mentioned effect and the effect mentioned later in the Au-Sn 
layer, it depends on making a Au-Sn-nickel alloy, and was made into the laminated structure of nickel/(Au80wt%-Sn20wr%) 
but a (Au80wt%-Sn20wt%)-nickel alloy layer - also carrying out - it can obtain similarly The composition ratio of nickel of 
Au80wt%-Sn20wt% Naka and the relation of a bonding strength are shown in drawing 7 . This drawing shows being 
saturated with composition beyond 2.5 wt%, although it becomes strong as the composition ratio of a bonding strength of 
nickel increases. In the experiment, it is checked that intensity is measured to 9.5wt% and there is sufficient intensity. 
[0048] although nickel composition ratio exfoliates in respect of adhesion of a heat sink and solder with the 0.7wt(s)% 
conventional structure in a bonding-strength examination - nickel composition ratio - by the plane of composition, it does 
not exfoliate but the element section joined is destroyed more than at 1.3wt% Since it turns out that sufficiently various kinds 
of reliability trials can be borne if a bonding strength is 500 or more gves, the bonding strength stabilized when nickel 
composition ratio was more than 1.3wt% is obtained. 

[0049] In addition, in drawing 7 , a 50g pressurization load is added, in the case of beyond 2.5wt%, it does not pressurize, 
and 1.7wt% of case joins only by the self-weight of an element nickel composition ratio 1.3wt(s)%. Therefore, bonding 
strength only with the sufficient self-weight of an element can be obtained by making nickel composition ratio more than 
2.5wt%. From these results, the melting point of solder falls, a bonding strength is still stronger and by adding nickel to 
Au80wt%-Sn20wt% Naka shows a bird clapper. The composition ratio of nickel is good, and if it takes wettability and a 
bonding strength into consideration, more than its 1.3wt% is desirable. [ lwt% to 10wt(s)% to which the melting point falls 
by 10 degrees C or more of] the composition ratio of nickel since the low melting point is acquired most and the 
composition after solder solidification is kept uniform in the long run - 3wt(s)% in a 3 yuan system - especially 2wt(s)% to 
5wt(s)% of order is desirable 

[0050] In addition, if the composition ratio of nickel becomes 10% or more when nickel composition ratio is made to 
increase by thickening nickel thickness on Au-germanium, the intermetallic compound of Sn-nickel is generated, and since 
the intermetallic compound is an insulator, the resistance of a joint will become high. Therefore, if the increase in resistance 
of a joint is taken into consideration, it is desirable to make the composition ratio of nickel into less than 10%. 
[0051] Thus, a cementing material is the solder material which contains nickel of a constant rate in an Au-Sn eutectic solder, 
and when a plinth front face was Au layer, it came to be able to do by stabilizing the strong junction of a bond strength with 
sufficient wettability, when joining a semiconductor laser element to a plinth etc. In addition, also in the thing of the 
laminated structure of above-mentioned nickel/(Au80wt%-Sn20wt%), it is desirable to make thickness of nickel into 500A or 
more, as mentioned above, and to set thickness of an Au-Sn alloy solder layer to 0.3-3 micrometers. 
[0052] The example of creation using the above-mentioned cementing material is explained. 

(Example 4 of creation) The GaAs/AlGaAs system semiconductor laser element was produced on the n-GaAs substrate, and 
it soldered on the copper heat sink which gold-plated the n type electrode side. 0. 1 micrometers was formed for 
Au88wt%-germaniuml2% as an n type electrode, and 0.1 micrometers and 1.5 micrometers of Au-Sn solder were prepared 
for nickel on it. At this time, (Au-germanium)/nickel formed membranes using E.B. vacuum evaporationo, and the solder 
layer formed membranes by the spatter. Size of a semiconductor laser element was set to 500x600x1 10 micrometers. This 
element was placed on the copper heat sink which gold-plated, and it mounted, without adding the heating temperature of 
340 degrees C, and a pressurization load. In this element, when the vibration test of three directions was performed for 
variable frequency [ of 10-2000Hz ], and 20 G or 48 minutes, it was changeless in any way examination before. When the 
bonding strength of this element was measured by the circuit tester, the intensity of about 1kg was obtained. The composition 
ratio of the cementing material at this time was Au77.3wt%-Snl9.3wt%-nickel3.4wt%. 

(Example 5 of creation) The InGaP-InGaAlP system semiconductor laser element was produced on the n-GaAs substrate, 
and it soldered on the copper heat sink which gold-plated the p type electrode side. As a p type electrode, 0.1 micrometers 
was formed for Ti, 0.2 micrometers and 0.3 micrometers of Au(s) were formed for Pt, and 0.1 micrometers and 1.0 
micrometers of Au-Sn solder were prepared for nickel on it. E.B. vacuum evaporationo was used for membrane formation at 
this time. Size of a semiconductor laser element was set to 600x700x1 10 micrometers. Although p type electrode was 
soldered by the heating temperature of 340 degrees C, and 30g of pressurization loads, the good optical output was obtained 
without a solder layer covering a barrier layer. Furthermore, the bonding strength also acquired the value of 1 or more kgves, 
and the stable contact was obtained. The composition ratio of the cementing material at this time was 
Au76wt%-Sn 1 9wt%-nickel5wt%. 

(Example 6 of creation) n type electrode side of a top semiconductor laser element was soldered to the upper surface by the 
side of p type electrode of a semiconductor laser element, and it considered as the laminated structure. As a p type electrode, 
0.04 micrometers and Pt layer were formed for Cr, and 0.5 micrometers was formed for 0.1 micrometers and Au layer. 0.1 
micrometers of Au88wt%-Gewtl2% were formed as an n type electrode, and 0. 1 micrometers and 1 .5 micrometers of Au-Sn 
solder were prepared for nickel on it.' At this time, (Au-germanium)/nickel formed membranes using E.B. vacuum 
evaporationo, and the solder layer formed membranes by the spatter. Size of a semiconductor laser element was set to 
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600x700x1 10 micrometers, n type electrode was soldered on p type electrode by the heating temperature of 340 degrees C, 
and 30g of pressurization loads. When the bond strength was measured with the SHIEA circuit tester, the intensity of 500 or 
more kgves was obtained. At this time, the solder layer obtained the good optical output [ be / nothing ], alias a wrap, for the 
barrier layer. Moreover, the output was able to be increased by making a semiconductor laser element into a laminated 
structure. The composition ratio of the cementing material at this time was Au77.3wt%-Snl9.3wt%-nickel3.4wt%. 
[0053] Although the heat sink which plated Au, nickel, etc. as a plinth was shown, you may make it solder a semiconductor 
device for plinths, such as Fe and Cu, in the above-mentioned various examples. Moreover, although the thing for a 
semiconductor laser element was explained as a semiconductor device, this invention is applicable also to other 
semiconductor devices. In this case, it is applicable also to what uses a short key electrode in addition to an ohmic electrode. 
As a material of this short key electrode, it can consider as aluminum, Pt, Au, Ta, Cr, W, Mo, Ti, Cu, Ag, and Ai-Si. 
[0054] Moreover, this invention is applicable also to electric element, such as a chip resistor and a chip capacitor, in addition 
to a semiconductor device. Next, other above-mentioned examples of application of a Au-Sn-nickel cementing material are 
explained. 

(Example 7 of creation) When the drive IC 30 of a liquid crystal display or electroluminescence (henceforth EL) display is 
mounted on a glass substrate 3 1 and it connects with a conductor (electrode) 32, there is a thing of composition of being 
shown in (a) shown in drawing 8 , (b), and (c). That for which (a) used the mounting pad 33 and the wire 34, the thing for 
which (b) used the bump 30, and (c) use the beam lead 37. the above-mentioned Au-Sn-nickel cementing material -- in (a), it 
is used for the cementing material of the mounting section 35 and the mounting pad 33 as the beam lead 37 as a bump 36 by 
(b)at(c) 

[0055] Hereafter, the example which mounts drive IC 30 in an EL panel using the composition of (a) is explained. In order to 
produce an EL panel, first, on the glass substrate 3 1 , as a transparent electrode, 0. 1 micrometers was formed and ITO was 
processed on the stripe. Next, 1 micrometer of CaS:Eu was formed by the E.B. vacuum deposition as a luminous layer. Next, 
it is Si02 as an insulating layer. 0.3 micrometers was formed by RF and P-CVD, subsequently 0.15 micrometers of 
aluminum were formed as a back plate 32, and patterning was performed to the predetermined pattern. Next, as the mounting 
pad 33 and an ejection pad of wiring, 0.1 micrometers of nickel were formed first, subsequently 0.5 micrometers of Au(s) 
were formed, and patterning was performedrMembrane formation was perfonried by the spatter. Finally, the glass substra^ 
31 was joined by the epoxy resin, the silicone oil was enclosed, the protective layer was formed, and it considered as the EL 
panel. 

[0056] Subsequently, in order to join drive IC 30 to a glass substrate 31, 0.2 micrometers of nickel were formed at the rear 
face of drive IC 30, and, subsequently (Au80wt%-Sn20wt%), 2 micrometers formed membranes at it. All performed 
membrane formation by the spatter. This was joined to the mounting pad 35 in 350 degrees C and 80g of pressurization 
loads. On the other hand, the ejection pad of EL panel wiring and the ejection pad of drive IC 30 were wired using the Au 
wire 34. Thus, the drive IC 30 was mounted by the bonding strength stabilized on the glass substrate 3 1 . The composition 
ratio of the cementing material at this time was Au76wt%-Snl9wt%-nickel5wt%. 

(Example 8 of creation) To drawing 9 , it is SiNX. The example which joined the Si substrate 42 and the GaAs/AlGaAs 
system semiconductor laser element 40 which prepared the optical waveguide using the bump 44 is shown. The 
(Au78wt%-Snl9.5wt%)-nickel2.5wt% cementing material was used as a bump 44, four things of 40 micrometers of 
diameters of a bump were used, and the semiconductor laser element 40 was mounted in the Si substrate 42. The bump 44 
formed on the Au pad 43 on the Si substrate 42. Thickness could be 0.1 micrometers, 0.02 micrometers, and 0.4 micrometers 
at the rear-face electrode 41 of the semiconductor laser element 40 using (Au-germanium)/nickel/Au, respectively, the 
semiconductor laser element 40 ~ a bump 44 -- putting - the substrate whole - 360-degree C constant temperature - it 
joined by performing a reflow in a layer Thus, the semiconductor laser element 40 was mounted on the Si substrate 42. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] this invention relates to the cementing material and the junction method of electric element which 
solder electric element, such as a semiconductor laser element, to a pedestal. 
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PRIOR ART 



[Description of the Prior Art] When semiconductor devices, such as a semiconductor laser element, were conventionally 
soldered to pedestals, such as a gold-plated heat sink, and a stem, the circuit board, the forming pellet of eutectic solders, 
such as Au-Sn and Pb-Sn, was used. In the case of a forming pellet, from the reasons of the production method and handling, 
it is 100 micrometers of several 100 micrometerx numbers, and several 10 micrometers or more are required as thickness. 
[0003] For this reason, a solder layer serves as an amount more than required, a position gap arises or the edge which 
upheaved around the semiconductor device is formed. In the case of a semiconductor laser element, the problem that this 
eminent solder layer becomes the obstacle of a laser beam occurs. There is a thing shown in JP,59-178736,A to solve this 
problem. In this thing, the thin film of the barrier electrode which prevents golden diffusion, and the solder material 
containing gold is prepared on the golden electrode of a semiconductor laser element without a forming pellet, and mounting 
with thin film solder is performed. Moreover, the same technology also as JP,6-69608,A is indicated. 
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EFFECT OF THE INVENTION 



[Function and Effect of the Invention] According to invention according to claim 1 to 9, with the Au-Sn-nickel alloy which 
made Au the subject for the cementing material, since the composition ratio of nickel is made into less than [ more than 
1.3wt%10wt% ], strong high junction can be performed by the low melting point, and, moreover, the increase in contact 
resistance can be suppressed. 

[0019] Especially, according to invention according to claim 2, since the composition ratio of nickel is made more than 
2.5wt%, the stable high bonding strength can be obtained. Moreover, according to invention according to claim 3, since the 
composition ratio of nickel is made into less than [ more than 2wt%5wt% ], the melting point can be made still lower. 
Moreover, according to invention according to claim 5, since thickness of nickel is made into 500A or more, a bond strength 
can be made high. 

[0020] Moreover, since the solder layer is considered as physical gaseous-phase membrane formation, while according to 
invention according to claim 6 there is almost no change of the melting point to dispersion in thickness and being able to 
obtain the stable intensity, the stable electrical installation can be obtained and the flash of the solder more than required can 
be abolis hed further. Moreover, according to invention according to claim 7, since thickness of an Au-Sn alloy is set to 0.3-3 
micrometers, a bond strength can be raised. . 

[0021] The solder layer which contains nickel layer and Sn in the electrode of electric element is formed, this solder layer is 
fused further, and it is made to join to a pedestal in invention of the junction method according to claim 10 to 17. Here, the 
counter diffusion that nickel in nickel layer is spread in a solder layer, and Sn in a solder layer is spread in nickel layer at the 
time of melting of a solder layer arises. Adhesion intensity and wettability can be raised according to this counter diffusion. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, even if it makes a solder layer into a thin film, since there are few 
amounts of solder, when the wettability of a solder layer and a component side is bad, it does not connect partially and there 
is a problem that sufficient connection resilience and low connection resistance are not obtained, this invention is what took 
the example by the above-mentioned problem, and it aims at joining a semiconductor device to a plinth so that sufficient 
bond strength and the stable electrical installation may be obtained. 
[0005] 
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MEANS 



[Means for Solving the Problem] Sn and nickel were congenial and this invention person etc. noted forming an intermetallic 
compound. As a drain electrode of a GaAs substrate, what carried out the laminating of nickel and the Au to the alloy of Au 
and germanium conventionally (this kind of notation is hereafter shown like Au-germanium/nickel/Au) is used. At this thing, 
if nickel thickness is thickened, it is supposed that contact resistance goes up and nickel thickness is used by about 200A. In 
this case, nickel is used as a barrier electrode which prevents diffusion of Au. Therefore, the vacuum evaporationo of the 
solder containing Sn was carried out using this thing, and it tried to solder it to plinths, such as a heat sink. 
[0006] However, Au on nickel was spread in the solder layer, and the problem of reducing adhesion intensity and wettability 
occurred. Then, when this invention person etc. lost and soldered Au layer, wettability of solder is good and he came to be 
able to do by stabilizing powerful soldering of a bond strength. This is because the counter diffusion that nickel was spread 
in a solder layer and Sn in a solder layer was spread in nickel arose and adhesion intensity and wettability improved. 
[0007] Moreover, although the cementing material which makes virtual junction temperature low and mitigates the heat 
damage to a semiconductor laser element needed to be selected in junction of a semiconductor laser element, when many 
things^v.ere.examined also about this pointand. Au-Sn solder was used as a.solder layetso-thatjt may mention . later, nickel 
washable to be spread in the Au-Sn layer, was able to make the Au-Sn-nickel alloy, and was able to make virtual junction 
temperature low. 

[0008] this invention is made based on the above-mentioned examination, and the feature is a thing as indicated to the claim. 
Specifically, it is characterized by the following points. In invention according to claim 1, it is the cementing material (12) 
which joins the electrode (9) of electric element (1-9) to a pedestal (21), and it is the Au-Sn-nickel alloy which made Au the 
subject, and is characterized by the composition ratio of nickel being less than [ more than 1 .3wt%10wt% ]. 
[0009] In invention according to claim 2, it is characterized by the composition ratio of Above nickel being more than 
2.5wt% in the cementing material of electric element according to claim 1 . In invention according to claim 3, it is 
characterized by the composition ratio of Above nickel being less than [ more than 2wt%5wt% ] in the cementing material of 
electric element according to claim 1 . In invention according to claim 4, the aforementioned Au-Sn-nickel alloy is 
characterized by heating the laminated structure of the Au-Sn alloy (11) which made Au the subject, and nickel (10), and 
being formed in the cementing material of a claim 1 or the electric element of any one publication of three. 
[0010] In invention according to claim 5, thickness of Above nickel is characterized by being 500A or more in the cementing 
material of electric element according to claim 4. In invention according to claim 6, the aforementioned Au-Sn alloy is 
characterized by being physical gaseous-phase membrane formation in the cementing material of electric element according 
to claim 4 or 5. In invention according to claim 7, thickness of the aforementioned Au-Sn alloy is characterized by being 
0.3-3 micrometers in the cementing material of a claim 5 or the electric element of any one publication of six. 
[001 1] In invention according to claim 8, the aforementioned pedestal is characterized, by being constituted using the 
material of Au, nickel, Fe, or Cu in the field where the aforementioned electric element is joined in the junction method of a 
claim 1 or the electric element any one publication of seven. According to invention according to claim 9, in the junction 
method of a claim 1 or the electric element any one publication of eight, it is characterized by the aforementioned electric 
element being a semiconductor laser element. 

[0012] In invention according to claim 10, it is characterized by forming nickel layer (10) in the aforementioned electrode, 
forming the solder layer (1 1) containing Sn directly on this nickel layer, carrying out heating fusion of this solder layer, and 
joining the aforementioned electric element to the aforementioned pedestal in the method of joining the electrode (9) of 
electric element (1-9) to a pedestal (21). 

[0013] In invention according to claim 1 1, in the method of joining the electrode (9) of electric element (1-9) to a pedestal 
(21), nickel layer (10) and the solder layer (11) containing Sn are formed in the aforementioned electrode, respectively, 
heating fusion of the aforementioned solder layer is carried out, counter diffusion of the above nickel and Sn is carried out, 
and it is characterized by joining the aforementioned electric element to the aforementioned pedestal. 
[0014] In invention according to claim 12, it is characterized by forming the aforementioned nickel layer in thickness 500A 
or more in the junction method of electric element according to claim 10 or 1 1 . In invention according to claim 13, it is 
characterized by forming the aforementioned solder layer by the physical vapor growth which makes an alloy the source of 
vacuum evaporationo in the junction method of a claim 10 or the electric element any one publication of 12. 
[0015] In invention according to claim 14, it is characterized by forming the aforementioned solder layer by 
0.3-3-micrometer thickness in the junction method of a claim 10 or the electric element any one publication of 13. the 
Au-Sn-nickel alloy which made Au the subject for the aforementioned solder layer in invention according to claim 15 in the , 
junction method of a claim 10 or the electric element any one publication of 14 - forming heating melting of the 
aforementioned solder layer ~ nickel - 1.3wt(s)% to 10wt(s)% - it is characterized by forming the contained Au-Sn-nickel 
alloy 

[0016] In invention according to claim 16, the aforementioned pedestal is characterized by being constituted using the 
material of Au, nickel, Fe, or Cu in the field where the aforementioned electric element is joined in the junction method of a 
claim 10 or the electric element any one publication of 15. In invention according to claim 17, it is characterized by the 
aforementioned electric element being a semiconductor laser element in the junction method of a claim 10 or the electric 
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element any one publication of 16. 

[0017] In addition, the sign in the above-mentioned parenthesis shows a correspondence relation with the concrete 
composition given in an example mentioned later. 
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EXAMPLE 



[Example] Hereafter, the example which applied this invention to semiconductor laser is explained. A semiconductor laser 
element grows epitaxially on GaAs or an InP substrate, and prepares each active region during a crystal. Generally an n type 
substrate is used for a substrate. As a material system, a GaAs-AlGaAs system, an InGaAsP-InP system, an InGaP-InGaAlP 
system, etc. can be used. As the epitaxial growth method, solution layer epitaxial, a molecular beam epitaxy (MBE:molecular 
beamepitaxy), organic-metal gaseous-phase epitaxy (MOCVD:metal organic chemicalvapaor deposition), etc. can be used. 
As a barrier layer, it can consider as terrorism structure, quantum well structure, etc. to double. 

[0023] The perspective diagram of a semiconductor laser element is shown in drawing 1 . On the n-GaAs substrate 1, the 
laminating of the n-GaAs buffer layer 2, the n-AlGaAs clad layer 3, the barrier layer 4 mat consists of AlGaAs/GaAs 
multiplex quantum well structure, the p-AlGaAs clad layer 5, and the p-GaAs layer 6 is carried out to order, and the barrier 
layer 4 - the p-GaAs layer 6 are formed in the shape of a mesa. Moreover, an insulator layer 7 has a window part on the 
upper surface of the n-AlGaAs clad layer 3 and the mesa section, and is formed in it, and p type electrode (up electrode) 8 is 
formed on this insulator layer 7. 

[0024] This p type ele ctrode 8 forms m embrane s in pr edeterm ined thic kness by electron beam evaporation, the spatter, etc., 
and is formed. As a p type electrode 8, although Au-Zn/Au, Cr/Au, Mo/Au, Ti/Pt/Au, etc. can be used, as long as it can take 
an ohmic contact, other materials are sufficient, n type electrode (lower electrode) 9 which consists of Au-germanium is 
formed in the rear face of the n-GaAs substrate 1, and the cementing material which consists of a nickel layer 10 and a solder 
layer 1 1 is formed in the front face of n type electrode 9. 

[0025] The semiconductor laser element constituted as mentioned above is joined to a heat sink, other semiconductor 
substrates, the circuit board, etc. This mounting method is explained. Two or more semiconductor laser elements shown in 
drawing 1 are put on the heat sink 21 shown in drawing 2 , and let them be laminating types. A sign 22 shows this. In this 
case, the cementing material of an upper semiconductor laser element is located on p type electrode of a lower semiconductor 
laser element 

[0026] The heat sink 21 consists of Cu, Fe, etc., and, as for the front face, the metal with high ******, such as nickel and Au, 
is formed of plating or vacuum evaporationo, the spatter, etc. Alignment of two or more semiconductor laser elements is 
carried out, respectively, and it accumulates on a heat sink 21 . At this time, since that as which this serves as the 
pressurization section at the time of heater heating tends to take out position precision using a vacuum pincette, conveyance 
of a chip is desirable. 

[0027] As the semiconductor laser element accumulated on the heat sink 21 does not shift, it pressurizes, and it heats so that 
the solder layer 1 1 of each semiconductor laser element may be melted and it may be made to paste up. After becoming the 
temperature into which solder melts, it is left in the state several minutes from several seconds, and it cools after that, as for 
the heating method, a position gap does not produce a heat sink and the whole semiconductor laser chip - as - fixing - the 
whole - constant temperature - although there is the method of heating at a heater etc. from the rear face of the method of 
heating in a layer etc., or a heat sink, the ease of the equipment work method to the latter is more desirable 
[0028] In order to take semiconductor laser and electric contact to the degree of the above-mentioned die bond, bonding of 
an up electrode and the drive circuit wiring is carried out with the wires 23, such as Au and Pt. Then, can enclosure is 
performed if needed and it considers as the finished product of semiconductor laser. Formation of the above-mentioned n 
type electrode 9, the nickel layer 10, and the solder layer 1 1 and junction to a heat sink 21 are explained. The composition of 
this portion is shown in drawing 3 . 

[0029] In order that n type electrode 9 formed in the rear face of the n-GaAs substrate 1 may form an ohmic electrode, 
Au-Zn/Au, Cr/Au, Ti/Pt/Au, Au-germanium/nickel/Au, Au-Sn/Au, etc. and these alloy cascade screens are used as an 
electrode material. This is formed in the rear face of the n-GaAs substrate 1 by predetermined thickness by the electron beam 
evaporation which is a vacuum deposition method, resistance heating vacuum evaporationo, the spatter, etc. 
[0030] Next, the nickel layer 10 is formed on n type electrode 9 by the same method. Then, the alloy which contains Sn, such 
as Au-Sn and Pb-Sn, as a solder layer 1 1 is formed on the nickel layer 10. About the formation method of a solder layer, it 
mentions later. Thus, the solder layer 1 1 containing 10/of produced 9/nickel layers Sn of electrodes is put on the heat sink 21 
which gave metal plating 21a, such as nickel and Au, pressurization and heating are performed, and a semiconductor laser 
element is mounted on a heat sink 21 by fusing the solder layer 1 1 and cooling. 

[0031] Although there are Au-Sn, Au-Si, In, In-Pb, Pb-Sn, Au-Pb, Au-germanium, etc. in solder material, the strong junction 
of a bond strength with sufficient wettability is obtained by soldering by carrying out the laminating of the solder and nickel 
containing Sn, such as Au-Sn and Pb-Sn. It is effective when Au-Sn is especially used for solder material. The duty of the 
nickel layer 10 has solder material, the role of the barrier electrode from which it is made for an electrode not to start counter 
diffusion, and the duty that is spread in a solder layer and improves the wettability of solder. With a GaAs semiconductor, 
using Au for the best layer of an electrode in many cases, Au is diffused at low temperature in the solder layer which is 
activity and will connect and to carry out, and the stability of contact becomes bad. For this reason, the barrier electrode is 
required, and when especially an electrode is the alloy of Au and Au, it is effective. 

[0032] At least 200A of thickness of nickel as a barrier electrode is required. Less than [ this ], it becomes an island-like film 
and the duty of a barrier metal is not achieved, nickel thickness dependency of the intensity of the glue line at the time of 
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having formed 1000 A of Au-germanium electrodes to the 0.5mmx0.5mm n-GaAs substrate, canying out the laminating of 
the nickel/Au-Sn (Au and Sn being the thing of eutectic composition) on it, mounting in drawing 4 and carrying out a 
vibration test to it is shown. This vibration test is JIS. It carried out on C7022A-10, Conditions D, tfte vibration frequency 
range of 10-2000HZ, acceleration 20G, direction 3 direction, and the conditions for time 48 minutes. In addition, the 
thickness of the Au-Sn solder layer 1 1 presupposed that it is fixed L5 micrometers. 

[0033] The bond strength is large as the thickness of the nickel layer 10 becomes thick, and there is no difference in intensity 
at 1000 A or more of thickness. In 1000A or more of thickness, since a substrate breaks during an examination, it is thought 
that intensity is more than this. Moreover, peeling arises [ thickness ] in 200A and sufficient bond strength is not obtained. If 
there are 500 or more gves of bond strengths, there is intensity of enough and it is necessary to bear various reliability trials, 
to accumulate and to make nickel thickness into 500A or more. 

[0034] Next, how to form the solder layer 1 1 is explained. It tried to carry out the laminating of the component of alloys, 
such as Au-Sn, and to create it on the occasion of formation of the solder layer 1 1 . In this case, the design of a composition 
ratio can be performed freely and management of vacuum evaporationo material is also easy for it. However, when the 
thickness of each class differs in this, it becomes a composition gap immediately. Usually, as for the composition ratio of 
solder, it is common to use eutectic composition, and the melting point becomes high when a composition gap is caused. 
Thus, if the melting point changes, you have to change the conditions of mounting into whenever [ the ]. If it carries out on 
the same conditions, even if solder material will not melt or it will melt, the stable adhesion intensity is no longer obtained 
after mounting, without fully melting. 

[0035] Then, it examined forming alloys, such as Au-Sn, Pb-Sn, In, In-Pb, Au-Si, and Au-Pb, by the vapor growth as a 
solder layer 11. That is, the solder layer 1 1 is formed by the physical vapor growth which made the above-mentioned alloy 
the source of vacuum evaporationo. Here, a physical vapor growth calls it Physical Vapor Deposition (PVD), does not use a 
chemical reaction, but is the method of forming a thin film using a physical change, and has vacuum evaporationo, a spatter, 
ion plating, etc. If a physical vapor growth is put in another way, the material itself formed on a substrate will reach a 
substrate in the state of a steam or a cluster, and a thin film and a bird clapper will be said. On the other hand, as a method 
using the chemical reaction, there is the ChemicalVapor Deposition (CVD) method, this carries out the decomposition 
reaction of the raw material using energy, such as heat, plasma, andiight, into a gaseous phase, it becomes a thin film using a 
chemical reaction, and, as for PVD, the principles of membrane formation differ. 

[0036] Thus, by forming the solder layer 1 1, even if metaphor thickness varies, there is always almost no change of the 
melting point, and the above problems were able to be solved. As the membrane formation method by the vapor growth, 
electron beam evaporation, resistance heating vacuum evaporationo, a spatter, etc. can be used. Since some raw materials and 
composition ratios shift according to the difference of the vapor pressure of an alloy in electron beam evaporation and 
resistance heating vacuum evaporationo among these, it is desirable to use a spatter as the membrane formation method. In 
addition, since a composition ratio is decided by vapor pressure even if there will be no change of a raw material and a 
composition ratio and it will not carry out the vacuum evaporationo of all the raw materials, if most raw materials have been 
flown altogether when electron beam evaporation and resistance heating vacuum evaporationo are used, membranous 
composition ratios do not differ for every batch. 

[0037] Although there was a problem that the upheaval object by superfluous solder might sometimes hide to a luminous 
layer, and served as hindrance of an optical output in the conventional thing which used the forming pellet as a solder layer 
As mentioned above, by making the solder layer 1 1 into the thin film by gaseous layer growth, the flash of the solder more 
than required was lost and the strong junction of the adhesion intensity obtained and stabilized of the solder layer of the good 
composition ratio of repeatability was attained. 

[0038] Next, the thickness of the above-mentioned solder layer 1 1 is explained. Although the flash of the solder more than 
required was lost by making a solder layer into the thin film by gaseous layer growth, when carrying out the laminating of 
two or more semiconductor laser elements as mentioned above and solder layer thickness is thick, there is a problem of 
covering a luminous layer by the flash of solder. Moreover, when soldering the electrode of the side near a luminous layer, in 
[ the case like the example 2 of creation mentioned later ], the same problem occurs. On the contrary, when a solder layer is 
thin, there is a problem that adhesion intensity is weak. 

[0039] The solder layer thickness when mounting a 0.5mmx0.5mm semiconductor laser element in the gold-plated copper 
heat sink at drawing 5 and the relation of adhesion intensity are shown. Adhesion intensity is so strong that the thickness of a 
solder layer becomes thick, and does not have a strong difference at 1 micrometers or more. By 1 micrometers or more, since 
a substrate breaks, thickness is considered that there is intensity more than this. If there are 500 or more gves of bond 
strengths, it turns out that there is intensity of enough and various reliability trials can be borne. Therefore, there should just 
be 3000A or more of thickness of a solder layer. 

[0040] Solder layer thickness has the surface roughness and relation of an adhesion side, and used Ra=1000A for this 
measurement this time. Generally, the thickness of a solder layer was understood that it needs to be thicker than surface 
roughness and about 3 times [ of surface roughness ] thickness is more nearly required than this result. The surface roughness 
Ra=500-2500A thing of the adhesion side of the stem used for mounting is used. Since, as for the surface roughness of a 
stem, the 1000A thing is usually used, solder layer thickness is at least 3000A or more need, and its 5000A or more is 
desirably good. 

[0041] Although the thickness of a solder layer has so strong that it becomes thick adhesion intensity, if it becomes thick, as 
for a solder layer, ****** will pose a problem. When more than one are mounted especially, the flash of a solder layer will 
cover a luminous layer. Furthermore, if thickness becomes thick, membrane' formation time will also become long, and 
problems, like the amount of vacuum evaporationo material also increases arise. By Atsushi whose solder layer is 1 
micrometer, although there is almost nothing, the flash of a solder layer will be protruded in addition to the rear face of a 
chip, if it becomes the thickness beyond it. When solder layer thickness was made larger than 3 micrometers, solder was 
attached to the luminescence side side, and in 4 micrometers or more, time generated the luminous layer with the wrap. 
Therefore, the thickness of a solder layer has good 3 micrometers or less. 

[0042] Therefore, strong junction of adhesion intensity is attained by setting thickness of the solder layer 1 1 to 0.3-3 
micrometers. Moreover, the optical output by which adhesion intensity was stabilized strongly is obtained, without the solder 
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of the laminating section covering a luminous layer, when carrying out the laminating of two or more semiconductor laser. 
The example of creation of the semiconductor device using the above-mentioned solder layer 1 1 is shown. 
(Example 1 of creation) The GaAs/AlGaAs system semiconductor laser element was produced on the n-GaAs substrate, and 
it soldered on the copper heat sink which gold-plated the n type electrode side. At this time, the three-piece laminating of the 
semiconductor laser element was carried out 1000A of Au88wt%-Gewtl2% was formed as an n type electrode, and 1000A 
and 1 micrometer of Au-Sn solder were prepared for nickel on it. At this time, Au-germanium/nickel formed membranes 
using E.B. vacuum evaporationo, and the solder layer formed membranes by the spatter. Size of a semiconductor laser 
element was set to 500x600x1 10 micrometers. This element was placed in piles on [ three ] the copper heat sink which 
gold-plated, and it mounted by the heating temperature of 340 degrees C, and 60g of pressurization loads. The mounted 
element does not have the flash of a solder layer, either and solder did not cover a luminous layer. In this element, when 
three directions were performed for the variable frequency of 10-2000Hz, 20 G/sec2, and 48 minutes, it was changeless in 
any way examination before. When the bond strength of this element was measured with the SHIEA circuit tester, the 
intensity of 1 or more kgves was obtained. 

(Example 2 of creation) The InGaP-InGaAlP system semiconductor laser element was produced on the n-GaAs substrate, 
and it soldered on the copper heat sink which gold-plated the p type electrode side. TilOOOA, Pt2000A, and Au3000A were 
formed as a p type electrode, respectively, and 800A and 0.8 micrometers of Au-Sn solder were prepared for nickel on it. 
E.B. vacuum evaporationo was used for membrane formation at this time. Size of a semiconductor laser element was set to 
600x700x1 10 micrometers. Although p type electrode was soldered, the good optical output was obtained without a solder 
layer covering a barrier layer. Furthermore, adhesion intensity also acquired the value of 1 or more kgves, and the stable 
contact was obtained. 

(Example 3 of creation) The GaAs field-effect transistor element was produced on the half-insulation GaAs substrate, and it 
soldered to the printed circuit board which gold-plated. 2 micrometers of Aq-Sn solder were prepared in the substrate rear 
face. At this time, membranes were formed by the spatter. Element size is 500x600x180 micrometers. This element was 
mounted by the heating temperature of 360 degrees C, and lOOg of pressurization loads. When the bond strength of this 
element was measured with the SHIEA circuit tester, the intensity of 1 or more kgves was obtained. 
[0043] Next, the cementing material using soider is explained. Although if is effective to enlarge the set points, such as 
virtual junction temperature, a pressurization pressure at the time of junction, and pressurization time, in order to raise 
wettability or a bonding strength when joining a semiconductor laser element which was mentioned above to a heat sink, 
since As in GaAs used as a material of a semiconductor laser element has low sublimation temperature, a high virtual 
junction temperature increases the heat damage done to an element. Moreover, the mechanical damage which also gives a 
high pressurization pressure and long pressurization time to a luminous layer is increased. 

[0044] Therefore, injunction of a semiconductor laser element, it is necessary to select the cementing material which makes 
virtual junction temperature low and mitigates the heat damage to a semiconductor laser element, this invention person etc. 
found out that the melting point lower than an Au80wt%-Sn20wr% pellet was acquired, when it considered as the laminated 
structure of nickel/(Au80wt%-Sn20wt%), using Au-Sn system solder as a solder layer 1 1, as a result of examining many 
things for the above-mentioned point, nickel diffuses this in an Au-Sn layer, and depends it on making a Au-Sn-nickel alloy. 
[0045] Based on this, nickel thickness was changed, nickel concentration which carries out thermal diffusion to 
Au80wt%-Sn20wt% Naka was changed, and the state diagram was created. The result is shown in drawing 6 . In this 
drawing, L and S show the liquid phase and solid phase, respectively, and alpha and beta show the solid solution of 
Au-Sn-nickel, respectively. Therefore, it expresses that (L+alpha) and (L+beta) are the mixed state of the liquid phase and 
solid phase, respectively. The thickness of nickel when setting Au80wt%-Sn20wt% thickness to 1.5 micrometers in 
nickel/(Au80wt%-Sn20wt%) layer structure is shown in an upper horizontal axis. 

[0046] From this state diagram, a (Au80wt%-Sn20wt%)-nickel alloy becomes lower than the melting point of an 
Au80wt%-Sn20wt% pellet, when the amount of nickel increases, and when the composition ratio (weight ratio of nickel to 
the total weight of a cementing material) of nickel is made into 1.3wt(s)%, about 10 degrees C of melting points become low. 
Furthermore, the amount of nickel is increased, when it considers as about 3wt%, the melting point becomes low most, and 
compared with an Au80wt%-Sn20wr% pellet, it falls by 25 degrees C or more. Therefore, virtual junction temperature can be 
reduced by 25 degrees C or more to having joined by the melting point of a conventional Au80wt%-Sn20wt% pellet, and the 
heat damage to an element can be reduced. 

[0047] in addition - what [ not only ] nickel diffused the above-mentioned effect and the effect mentioned later in the Au-Sn 
layer, it depends on making a Au-Sn-nickel alloy, and was made into the laminated structure of nickel/(Au80wt%-Sn20wt%) 
but a (Au80wt%-Sn20wt%)-nickel alloy layer -- also carrying out - it can obtain similarly The composition ratio of nickel of 
Au80wt%-Sn20wt% Naka and the relation of a bonding strength are shown in drawing 7 . This drawing shows being 
saturated with composition beyond 2.5wt%, although it becomes strong as the composition ratio of a bonding strength of 
nickel increases. In the experiment, it is checked that intensity is measured to 9.5wt% and there is sufficient intensity. 
[0048] although nickel composition ratio exfoliates in respect of adhesion of a heat sink and solder with the 0.7wt(s)% 
conventional structure in a bonding-strength examination ~ nickel composition ratio - by the plane of composition, it does 
not exfoliate but the element section joined is destroyed more than at 1 .3wt% Since it turns out that sufficiently various kinds 
of reliability trials can be borne if a bonding strength is 500 or more gves, the bonding strength stabilized when nickel 
composition ratio was more than 1 .3wt% is obtained. 

[0049] In addition, in drawing 7 , a 50g pressurization load is added, in the case of beyond 2.5wt%, it does not pressurize, 
and 1 .7wt% of case joins only by the self-weight of an element nickel composition ratio 1 .3 wt(s)%. Therefore, bonding 
strength only with the sufficient self- weight of an element can be obtained by making nickel composition ratio more than 
2.5wt%. From these results, the melting point of solder falls, a bonding strength is still stronger and by adding nickel to 
Au80wt%-Sn20wt% Naka shows a bird clapper. The composition ratio of nickel is good, and if it takes wettability and a 
bonding strength into consideration, more than its 1.3wt% is desirable. [ lwt% to 10wt(s)% to which the melting point falls 
by 10 degrees C or more of ] the composition ratio of nickel since the low melting point is acquired most and the 
composition after solder solidification is kept uniform in the long run - 3wt(s)% in a 3 yuan system - especially 2wt(s)% to 
5wt(s)% of order is desirable 
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[0050] In addition, if the composition ratio of nickel becomes 10% or more when nickel composition ratio is made to 
increase by thickening nickel thickness on Au-germanium, the intermetallic compound of Sn-nickel is generated, and since 
the intermetallic compound is an insulator, the resistance of a joint will become high. Therefore, if the increase in resistance 
of a joint is taken into consideration, it is desirable to make the composition ratio of nickel into less than 10%. 
[0051] Thus, a cementing material is the solder material which contains nickel of a constant rate in an Au-Sn eutectic solder, 
and when a plinth front face was Au layer, it came to be able to do by stabilizing the strong junction of a bond strength with 
sufficient wettability, when joining a semiconductor laser element to a plinth etc. In addition, also in the thing of the 
laminated structure of above-mentioned nickel/(Au80wt%-Sn20wt%), it is desirable to make thickness of nickel into 500A or 
more, as mentioned above, and to set thickness of an Au-Sn alloy solder layer to 0.3-3 micrometers. 
[0052] The example of creation using the above-mentioned cementing material is explained. 

(Example 4 of creation) The GaAs/AlGaAs system semiconductor laser element was produced on the n-GaAs substrate, and 
it soldered on the copper heat sink which gold-plated the n type electrode side. 0. 1 micrometers was formed for 
Au88wt%-germaniuml2% as an n type electrode, and 0.1 micrometers and 1.5 micrometers of Au-Sn solder were prepared 
for nickel on it. At this time, (Au-germanium)/nickel formed membranes using E.B. vacuum evaporationo, and the solder 
layer formed membranes by the spatter. Size of a semiconductor laser element was set to 500x600x1 10 micrometers. This 
element was placed on the copper heat sink which gold-plated, and it mounted, without adding the heating temperature of 
340 degrees C, and a pressurization load. In this element, when the vibration test of three directions was performed for 
variable frequency [ of 10-2000Hz ], and 20 G or 48 minutes, it was changeless in any way examination before. When the 
bonding strength of this element was measured by the circuit tester, the intensity of about 1kg was obtained. The composition 
ratio of the cementing material at this time was Au77.3wt%-Snl9.3wt%-nickel3.4wt%. 

(Example 5 of creation) The InGaP-InGaAlP system semiconductor laser element was produced on the n-GaAs substrate, 
and it soldered on the copper heat sink which gold-plated the p type electrode side. As a p type electrode, 0. 1 micrometers 
was formed for Ti, 0.2 micrometers and 0.3 micrometers of Au(s) were formed for Pt, and 0. 1 micrometers and 1.0 
micrometers of Au-Sn solder were prepared for nickel on it. E.B. vacuum evaporationo was used for membrane formation at 
this time. Size of a semiconductor laser element was set to 600x700x1 10 micrometers. Although p type electrode was 
soldered by the heating temperature of 340 degrees C, and~3Gg of pressurization loads, the good optical output was obtained 
without a solder layer covering a barrier layer. Furthermore, the bonding strength also acquired the value of 1 or more kgves, 
and the stable contact was obtained. The composition ratio of the cementing material at this time was 
Au76wt%-Sn 1 9wt%-nickel5wt%. 

(Example 6 of creation) n type electrode side of a top semiconductor laser element was soldered to the upper surface by the 
side of p type electrode of a semiconductor laser element, and it considered as the laminated structure. As a p type electrode, 
0.04 micrometers and Pt layer were formed for Cr, and 0.5 micrometers was formed for 0.1 micrometers and Au layer. 0.1 
micrometers of Au88wt%-Gewtl2% were formed as an n type electrode, and 0.1 micrometers and 1.5 micrometers of Au-Sn 
solder were prepared for nickel on it. At this time, (Au-germanium)/nickel formed membranes using E.B. vacuum 
evaporationo, and the solder layer formed membranes by the spatter. Size of a semiconductor laser element was set to 
600x700x1 10 micrometers, n type electrode was soldered on p type electrode by the heating temperature of 340 degrees C, 
and 30g of pressurization loads. When the bond strength was measured with, the SHIEA circuit tester, the intensity of 500 or 
more kgves was obtained. At this time, the solder layer obtained the good optical output [ be / nothing ], alias a wrap, for the 
barrier layer. Moreover, the output was able to be increased by making a semiconductor laser element into a laminated 
structure. The composition ratio of the cementing material at this time was Au77.3wt%-Snl9.3wt%-nickel3.4wt%. 
[0053] Although the heat sink which plated Au, nickel, etc. as a plinth was shown, you may make it solder a semiconductor 
device for plinths, such as Fe and Cu, in the above-mentioned various examples. Moreover, although the thing for a 
semiconductor laser element was explained as a semiconductor device, this invention is applicable also to other 
semiconductor devices. In this case, it is applicable also to what uses a short key electrode in addition to an ohmic electrode. 
As a material of this short key electrode, it can consider as aluminum, Pt, Au, Ta, Cr, W, Mo, Ti, Cu, Ag, and Ai-Si. 
[0054] Moreover, this invention is applicable also to electric element, such as a chip resistor and a chip capacitor, in addition 
to a semiconductor device. Next, other above-mentioned examples of application of a Au-Sn-nickel cementing material are 
explained. 

(Example 7 of creation) When the drive IC 30 of a liquid crystal display or electroluminescence (henceforth EL) display is 
mounted on a glass substrate 3 1 and it connects with a conductor (electrode) 32, there is a thing of composition of being 
shown in (a) shown in drawing 8 , (b), and (c). That for which (a) used the mounting pad 33 and the wire 34, the thing for 
which (b) used the bump Jb, and (c) use the beam lead 37. the above-mentioned Au-Sn-nickel cementing material - in (a), it 
is used for the cementing material of the mounting section 35 and the mounting pad 33 as the beam lead 37 as a bump 36 by 
(b)at(c) 

[0055] Hereafter, the example which mounts drive IC 30 in an EL panel using the composition of (a) is explained. In order to 
produce an EL panel, first, on the glass substrate 3 1 , as a transparent electrode, 0. 1 micrometers was formed and ITO was 
processed on the stripe. Next, 1 micrometer of CaS:Eu was formed by the E.B. vacuum deposition as a luminous layer. Next, 
it is Si02 as an insulating layer. 0.3 micrometers was formed by RF and P-CVD, subsequently 0.15 micrometers of 
aluminum were formed as a back plate 32, and patterning was performed to the predetermined pattern. Next, as the mounting 
pad 33 and an ejection pad of wiring, 0.1 micrometers of nickel were formed first, subsequently 0.5 micrometers of Au(s) 
were formed, and patterning was performed. Membrane formation was performed by the spatter. Finally, the glass substrate 
3 1 was joined by the epoxy resin, the silicone oil was enclosed, the protective layer was formed, and it considered as the EL 
panel. 

[0056] Subsequently, in order to join drive IC 30 to a glass substrate 31, 0.2 micrometers of nickel were formed at the rear 
face of drive IC 30, and, subsequently (Au80wt%-Sn20wt%), 2 micrometers formed membranes at it. All performed 
membrane formation by the spatter. This was joined to the mounting pad 35 in 350 degrees C and 80g of pressurization 
loads. On the other hand, the ejection pad of EL panel wiring and the ejection pad of drive IC 30 were wired using the Au 
wire 34. Thus, the drive IC 30 was mounted by the bonding strength stabilized on the glass substrate 3 1 . The composition 
ratio of the cementing material at this time was Au76wt%-Sn 1 9wt%-nickel5wt%. 



4of5 



4/9/03 4:54 PM 



http7AAAivw4Jpdl.jpo.go.ip/cgi-bin/tran_web_cgLejje 



(Example 8 of creation) To drawing 9 , it is SiNX. The example which joined the Si substrate 42 and the GaAs/AlGaAs 
system semiconductor laser element 40 which prepared the optical waveguide using the bump 44 is shown. The 
(Au78wt%-Snl9.5wt%)-nickel2.5wt% cementing material was used as a bump 44, four things of 40 micrometers of 
diameters of a bump were used, and the semiconductor laser element 40 was mounted in the Si substrate 42. The bump 44 
formed on the Au pad 43 on the Si substrate 42. Thickness could be 0.1 micrometers, 0.02 micrometers, and 0.4 micrometers 
at the rear-face electrode 41 of the semiconductor laser element 40 using (Au-germanium)/nickel/Au, respectively, the 
semiconductor laser element 40 - a bump 44 « putting - the substrate whole - 360-degree C constant temperature it 
joined by performing a reflow in a layer Thus, the semiconductor laser element 40 was mounted on the Si substrate 42. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective diagram of a semiconductor laser element showing the example at the time of applying this 
invention to a semiconductor laser element. 

[Drawing 2] It is the perspective diagram showing the state where die bond of the semiconductor laser element was carried 
out to the heat sink. 

[Drawing 3] It is the ** type view showing the composition when joining n type electrode, nickel layer, and the solder layer 
which are tormed in the rear face of a n-GaAs substrate to plinths, such as a heat sink. 

drawing 4] It is the property view showing nickel thickness at the time of carrying out a vibration test, and the relation of a 
)ond strength. 

Drawing 5] It is the graph which shows the relation between solder layer thickness and adhesion intensity. 
Drawing 6J It is drawing showing change of the melting point when changing nickel concentration which carries out 
'hernial dittusion to Au80wt%-Sn20wt% Naka. 

Drawing 7] It is drawing showing the composition ratio of nickel of Au80wt%-Sn20wr% Naka, and the relation of a 
ponding strength. 

"Drawing 8] It is drawing showing the composition which mounts the drive IC of display on a glass substrate. 
Drawing 9 J SiNX It is drawing showing the composition which mounted the semiconductor laser element in Si substrate 
which prepared the optical waveguide. 
[Description of Notations] 

1 [ - A clad layer, 4 / - A barrier layer, 6 / - A p-GaAs layer, 7 / - An insulator layer, 8 / -- p type electrode, 9 / - n type 
electrode, 10 / - nickel layer, 1 1 / - A solder layer, 21 / -- Heat sink. ] - A n-GaAs substrate, 2 - 3 A buffer layer, 5 
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[Drawing 1] 
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[Drawing 2] 




[Drawing 3] 
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[Drawing 8] 
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